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a b s t r a c t
We examined avifauna richness and composition in Taiwan’s tropical montane forests, and
compared to historical records dated 22 years ago. A richness attrition of 44 species caused
a discrepancy of 30.2%, and an estimated yearly turnover of 2.2%. More resident species
that were narrower or lower in elevation distribution, insectivores/omnivores, small to
medium-sized, forest/open-field dwelling, and canopy/ground foragers, vanished;whereas
piscivores, carnivores, riparian- and shrub-dwellers, ground and mid-layer foragers, and
migrants suffered by higher proportions. Occurrence frequencies of persistent species re-
mained constant but varied among ecological groups, indicating an increased homogeneity
for smaller-sized insectivores/omnivores dwelling in the forest canopy, shrub, or under-
story. While the overall annual temperature slightly increased, a relatively stable mean
temperature was replaced by an ascending trend from the mid-1990s until 2002, followed
by a cooling down. Mean maximum temperatures increased but minimums decreased
gradually over years, resulting in increasing temperature differences up to over 16 °C. This
accompanied an increase of extreme typhoons affecting Taiwan or directly striking these
montane forests during the last decade. These results, given no direct human disturbances
were noted, suggest a link between the species turnover and recent climate change, and
convey warning signs of conservation concerns for tropical montane assemblages.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction
Climate change has been progressing rapidly across many regions around the world (Loarie et al., 2009; IPCC, 2013).
This trend likely will last over the following decades, and inevitably threaten global biodiversity (Enquist, 2002; Williams
et al., 2003; Rosenzweig et al., 2008). For birds, for instance, climate change may directly interfere, often in intricate ways,
with their metabolic energetics, reproduction, dispersal, migration, and thus affect distribution, abundance, and survival of
species, as well as regional diversity (Root, 1988; Crick, 2004; Visser et al., 2006; Devictor et al., 2008; Knudsen et al., 2011).
In addition to weather patterns, climate change may also cause habitat loss, enhance species invasion and disease spreads,
and result in further population declines or species extinctions (Pimm et al., 2006; Şekercioğlu et al., 2008; Mac Nally et al.,
2009).
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Species richness along elevation gradients to a certain extent often mirrors that along latitudinal gradients, whereas a
greater proportion of studies reported diversity peaks in the mid-elevation range (i.e., hump-shaped distributions; Rahbek,
1995, 2005). Conventional notions suggest that communities of higher species richness may retain better biotic resistance
(Elton, 1958), thus should remain relatively stable longer(e.g., France and Duffy, 2006), but not necessarily for individual
species (Tilman et al., 2006). Organisms may respond to climatic change by latitudinal or vertical range shifts (Parmesan,
2006), particularly those highly mobile taxa such as birds (Thomas and Lennon, 1999; but see Devictor et al., 2008 and
Forero-Medina et al., 2011), and thus may alter species richness or reform local assemblage compositions.
Temperature in the tropics is generally more stable; endotherms like birds should have narrower thermal regimes and
may be sensitive to temperature deviations (McCain, 2009). The climate change effects presumably will be greater for trop-
ical species (Laurance et al., 2011; Şekercioğlu et al., 2012). Those factors contributing to higher diversity and endemism of
tropical montane assemblages, such as geographical isolation, constrained distribution, and/or limited dispersal (Lomolino,
2001; Jetz et al., 2004), may subject the species to prevailing climate change or even vulnerable to extinctions (Şekercioğlu
et al., 2008; La Sorte and Jetz, 2010), and merit greater concerns. Yet, studies of climate change effects on tropical montane
birds are relatively few (e.g., Pounds et al., 1999; Forero-Medina et al., 2011; Anderson et al., 2013 and Freeman and Free-
man, 2014), and data not sufficiently adequate (see Parmesan, 2006; Colwell et al., 2008; Chen et al., 2011; Laurance et al.,
2011 and Şekercioğlu et al., 2012).
Taiwan sits on the border of the Eurasia Plate, the Philippine Mobile Belt, and the Okinawa Plate, and right in the center
of the East Asian-Australasian migration flyway (Straw et al., 2006). The Tropic of Cancer passes by its lower one third and
characterizing a typical tropical-subtropical weather, while its mountainous topography (over 280 summits above 3000 m
with the highest peak, Jade Mountain, at 3952 m) has helped shaping heterogeneous habitats. These features collectively
contribute to high species richness and endemism, including birds. The extant avifauna comprises of more than 500 species,
47.2% of the all-year residents are endemic species or subspecies, and many genera, such as Arborophila, Heterophasia, Li-
ocichla, Myophonus, and Urocissa, consist of only single species (Severinghaus et al., 2012). Yet, avian assemblages in the
majority of montane areas in Taiwan remain less studied (Lee et al., 2004; Ding et al., 2005), so do their relationships with
the potential effects of climatic change correlates.
Our study examined the species richness and composition of avian assemblages in a tropical mid-elevationmontane for-
est in southern Taiwan, their differences from those of a historical survey, and the correlates with climate change.We tested
the hypothesis that climate change will affect species richness of bird assemblages in tropical montane forests with increas-
ing climatic variations, and cause temporary discrepancies in bird compositions. Specifically, we predicted that species of
broader elevation range will be less affected, while resident species with limited dispersal, more specific habitat or resource
demands (Hewson and Noble, 2009), and migrants of high energy needs (Both et al., 2006; Jones and Cresswell, 2010) will
be affected more severely.
2. Methods
2.1. Study area
Field works took place in Shanping–Nanfengshan in the Liouguei Experimental Forest (LEF; 120° 41′E, 22° 58′N, 9882 ha
in area, 250–2600 m in elevation), Kaohsiung, southern Taiwan. The study sites were within a preserved forestry area (Tai-
wan Forestry Research Institute, TFRI) where implementing an ecosystem-approach tomanagement, thus have been largely
free from human disturbances such as habitat fragmentation or alteration since the late 1980s (King et al., 1990; Lin et al.,
2013). Small plantations and cultivation had altered the composition and structure ofmost lowland forests below 500m, but
over 84% of the land above 500m in this area comprises of primary/secondary intact forests dominated by Fagaceae and Lau-
raceae. Conifer patches mixed with hardwoods constitute the rest landscape, comprising Formosan Alder Alnus formosana,
Formosan Ash Fraxinus griffithii, Formosan Michelia Michelia formosana, Luanta Fir Cunninghamia konishii, Taiwan Fir Tai-
wania cryptomerioides, Taiwan Red Cypress Chamaecyparis formosensis, Taiwan Zelkova Zelkova serrata, and Stout Camphor
Tree Cinnamomum kanehirae (TFRI data). An annual rainfall over 3510 mm and temperatures ranging from about 24.5 °C in
August to 16.7 °C in January characterize its typical climate (Lu et al., 2010).
2.2. Bird assemblage
Historical records of mid-elevation avifauna in this area came from King et al. (1990) that conducted monthly surveys
from March 1987 to February 1988, roughly 12 days per month, over five transect lines along elevations of 500 m up to
around 1500 m as accessible. It covered a land area of about 200 ha, enclosing major forest types such as the primary and
secondary forests and plantations, and documented 116 species of birds from 38 families, including 92 residents and 24mi-
grants, with 12 endemics and 31 species in conservation concerns. We conducted our surveys fromMarch 2009 to February
2010 following the same transect lines butwith followingminormodifications.We divided themost elevationallymeander-
ing transect line into two routes and thus categorized the study area to elevation ranges of 500–1000 m and 1000–1500 m,
with three transects in each section, respectively. Depending on the topography, vegetation physiognomies, and accessibil-
ity, a transect line ranged 900–2250 m in length (mean: 1425 ± 215 m). Any two adjacent transects were at least 200 m
horizontally and 100 m vertically apart, or nearly so. We used the point transects method that is more suitable for our
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study area where it is hilly and habitat is patchy (Gibbon and Gregory, 2006). We set up 51 sampling points of 50-m radius
(9.0± 1.0 points each transect-line); any adjacent points within a transect line were at least 150 m apart.
In each day, one transect from a certain elevation range was randomly selected, and the direction of movement along a
transect line randomly altered. We started 30 min before sunrise, focused on only one transect, and ended in 4 h. We sur-
veyed all six transects eachmonth within a period of 7–10 days, and always in similar calmweather conditions or nearly so.
In each sampling point, we stayed for 10 min to record all birds sighted, aided with binoculars (10× 42 BA, Leica), or heard
by songs or calls. We followed BirdLife International (2014) for the nomenclature to identify species on site, and counted
or estimated numbers of birds encountered. In addition, we also noted habitat types, horizontal distances of birds from
observers, and positions and perching heights of birds.
2.3. Meteorological patterns
We obtained long-term island-wide meteorological data from the literature (CWB, 2009) and on-site long-termweather
data from the Shanping Station, TFRI, which contained daily mean, maximum, and minimum temperatures, daily rainfall,
and accumulated precipitation of extremeweather conditions (e.g., typhoons; Lu et al., 2010).We extracted typhoon records
between 1961 and 2009 from the Typhoon Data Base, and defined extreme typhoon events based on the standard of a
subsequent accumulative rainfall greater than 200 mmwithin 24 h (the Taiwan Central Weather Bureau, CWB).
2.4. Data analyses
We adopted Sørensen’s similarity coefficient, Ss = 2a/(2a + b + c), to compare the overall similarity in species
composition of bird assemblages investigated over 22 years; a is the number of joint species in the two survey periods,
b is the number of species that occurred only in 1987–1988, and c is number of species occurring only in 2009–2010 (Krebs,
1999). We also calculated the turnover in time using t = (l+ g)/(S× ci), defined as the number of species vanished and/or
replaced per unit of time, where l is the number of species lost, g is the number of species gained, S is the total number
of species present, and ci is the census interval (Magurran, 2004). In estimating the alterations in bird assemblages, we
categorized birds into various groups according to their respective ecological features, including major food habits, habitat
types frequented, foraging strata, body size range, and residency (Lee et al., 2008; Severinghaus et al., 2012).
King et al. (1990) presented only data of occurrence frequency, determined as the number of occurrence of each species
observed divided by the total survey days. Thus, we extracted data using this same measurement over a same survey time
scale for comparisons of species composition between the historical and the current records. We were not able to estimate
detectability for the historical survey since field data were unavailable (Y.H. Chen, H.B. King, per. communication), but did
consider detectability in the current survey and relevant results will be presented elsewhere (C.F. Tsai and Y.F. Lee, unpubl.
data). Bird occurrence frequencies ranged 0% (never detected in a survey) to 100% (detected on every day in a survey). We
also calculated the relative occurrence frequency (ROF) as the ratio of the bird occurrence frequency of a species recorded
in 2009 relative to that of the same species recorded in 1987, for persistent species.
We performed statistical tests using MINITAB 14 (Minitab Inc.; State College, PA, USA) for Windows, set the significance
level determined at p < 0.05, and presented data as the mean ± standard error (SE), unless otherwise noted. We used
the paired t-test to assess the monthly differences in species richness between the two periods, a G-test to examine if the
number of species vanished was independent from elevation distribution and residency status, and χ2 tests to determine
the randomness of species attrition and persistence among groups in each ecological category. The variance in species
occurrence frequencies between the two periods was examined using ANOVA, followed by Tukey’s HSD to locate the
difference (Zar, 2010). We assessed the difference in relative occurrence frequencies (ROF) for persistent species among
categorized ecological groups using the Kruskal–Wallis tests, and the magnitude of deviation from constant of this measure
in each categorized group using the Wilcoxon tests. We also used the simple linear regression to assess trends of climate
patterns in temperature, precipitation, and extreme weather events.
3. Results
3.1. Changes in species richness and composition
We recorded 9957 birds of 72 species from30 families. Compared to the 1987 records, 50 species vanished from the study
area, while our survey added six species, including five residents that are distributed above 1000 m and one migrant that is
broadly distributed from lowland to above 1500 m. The vanished species included 36 residents and 14 migrants, a 39% and
58% attrition, respectively, with three endemics and 12 of conservation concerns (Appendix A). These resulted in an overall
similarity of 0.702 (Sørensen’s similarity coefficient, Ss) in the bird assemblage composition between the two periods, and a
turnover of 0.022 species/yr. Themean number of species recorded permonthwas lower in the 2009 (40.7± 1.0) than in the
1987 survey (57.2± 4.3; Paired t test: t = 3.91, p = 0.003). The differences in species count per month between the two
periods peaked in early spring and then ascended again between September and December (Fig. 1(a)). Greater percentages
of species attrition occurred to birds that were lower or narrower in elevation distribution (G = 7.49, p < 0.01; Fig. 1(b)).
We recorded species attrition by different degrees (25%–100%) in different groups of birds over the past 25 years. Greater
numbers of species that vanished from the sites and those that persisted nearly consistently occurred in identical groups
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Fig. 1. Bird species count (a) assessed in the LEF forests during the 1987 () and 2009 () sampling; and species percentages (b) of residents (),
summer migrants (), and winter migrants ( ) that were absent from the 2009 survey and of different elevation distribution. Typhoons and interrupted
accessibility hindered data collection in August 2009. The number of species in each group is indicated.
within each category. These included insectivores and omnivores (χ2 = 11.28, d.f . = 3, p < 0.05; Fig. 2(a)), forest and
open-field dwellers (χ2 = 38.71, d.f . = 3, p < 0.001; Fig. 2(b)), that of 11–30 cm in size (χ2 = 20.23, d.f . = 4, p < 0.001;
Fig. 2(d)), and residents (χ2 = 11.90, d.f . = 2, p < 0.005; Fig. 2(e)). In addition, canopy layer and ground species were
marginally significant (χ2 = 9.08, d.f . = 4, p = 0.059; Fig. 2(c)). By proportions, however, all piscivores (Striated Herons
Butorides striata and Common Kingfishers Alcedo atthis), half of carnivores, and nearly so plantivores were not recorded in
2009 (Fig. 2(a)). Shrub and riparian birds decreased by nearly 70% (Fig. 2(b)), and about half of species that were active in
open fields (Fig. 2(b)), the ground and mid-layer (Fig. 2(c)), of 11–20 cm in size (Fig. 2(d)), summer migrants, and 65% of
winter migrants (Fig. 2(e)), vanished from our sites.
Among the persistent species, Gray-cheeked Fulvettas Alcippemorrisoniawere themost common species in both surveys,
so were Rusty-cheeked Scimitar Babblers Pomatorhinus erythrogenys in the 2009 but not in the 1987 survey. Occurrence
frequencies of other species shifted between these two periods; Fulvettas and White-bellied Yuhinas Erpornis zantholeuca
were the only two species with their occurrence frequencies greater than 80% in both survey periods, and only Fulvettas
remained a full presence. The occurrence frequencies were affected by survey period (F1,1061 = 6.06, p < 0.05) and species
(F58,1061 = 36.30, p < 0.001) with a period× species interaction (F58,1061 = 7.83, p < 0.001). Mean occurrence frequency
were higher in the 2009 (38 ± 4%) than in the 1987 survey (32 ± 4%). Compared to the historical survey, occurrence
frequencies increased in eight species (mean increment ranged 43.1% to 56.5%; Tukey’s HSD, all p values< 0.05 or 0.01) but
decreased in Gray-chinned Minivets Pericrocotus solaris (56.5%; t = −6.0, p < 0.001), Jungle Crows Corvus macrorhynchos
(43.3%; t = −4.59, p < 0.05), and Taiwan Blue Magpies Urocissa caerulea (43.6%; t = −4.62, p < 0.05).
Relative occurrence frequencies did not differ among different ecological categories, including food habit (Kruskal–Wallis
test; H = 1.86, d.f . = 3, p = 0.603), habitat (H = 5.72, d.f . = 3, p = 0.126), foraging stratum (H = 7.81, d.f . = 4,
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Fig. 2. The numbers of species recorded only in 1987 survey (), and in both 1987 and 2009 surveys (), with its respective relative proportion (%), in
different groups pertaining to various ecological categories. These included (a) food habit (CA: carnivore, IN: insectivore, OM: omnivore, PI: piscivore, PL:
plantivore); (b) habitat type (FR: forest, OF: open field, RA: riparian area, SH: shrub); (c) foraging stratum (AC: above canopy, CN: canopy, GR: ground, ME:
medium, UN: understory); (d) body size range; and (e) residency (RE: resident, SM: summer migrant, WM: winter migrant).
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Fig. 2. (continued)
p = 0.099), body size (H = 7.64, d.f . = 4, p = 0.106), and residency (H = 3.49, d.f . = 2, p = 0.174). Within each
category, relative occurrence frequencies positively deviated from constancy in insectivores (median = 1.72;W = 386.0,
p < 0.005) and omnivores (median = 1.95;W = 130.0, p < 0.01; Fig. 3(a)), and in forest (median = 2.11;W = 675.0,
p < 0.001) and shrub dwellers (median = 1.95;W = 10.0, p = 0.05; Fig. 3(b)). Occurrence frequencies also signifi-
cantly increased in canopy (median = 1.91;W = 242.0, p < 0.05) and understory foragers (median = 2.74;W = 55.0,
p < 0.005; Fig. 3(c)); in birds of 11–20 cm (median = 1.64;W = 187.0, p < 0.05) and <10 cm in size (median = 2.79;
W = 19.0, p < 0.05; Fig. 3(d)); and in residents (median = 1.87;W = 1027.5, p < 0.001; Fig. 3(e)). In contrast, occur-
rence frequencies declined by various degrees in four of the five carnivores, except Tawny Owls Strix aluco (from 0.06 to 0.9;
Fig. 3(a)), more than 50% of the open-field species (Fig. 3(b)), birds that were active around the canopy (from 0.51 to 0.9;
Fig. 3(c)), 21–30 cm in size (Fig. 3(d)), and summer and winter migrants (Fig. 3(e)).
3.2. Temporal variation in weather patterns
The annual temperature in the sites averaged 21.4 ± 0.2 °C over the past quarter century (n = 27). It was 0.8 °C
higher than the annual mean (20.6 ± 0.1 °C; King et al., 1990) assessed 25 years ago, but lacked a consistent trend
(r2 = 0.009, F1,24 = 0.22, p = 0.64; Fig. 4(a)). The mean annual temperature from mid 1990s to 2002 (22.7 ± 0.2 °C;
F = 87.97, d.f . = 2, p < 0.001; Tukey’s HSD, p < 0.001), and that after 2002 (20.5 ± 0.1 °C; Tukey’s HSD, p < 0.01),
was significantly higher and lower than the first half of the past three decades, respectively. The annual mean maximum
(27.8± 0.5 °C, n = 26) and minimum temperatures (15.2± 0.3 °C, n = 26), however, varied in a contrary way. The annual
mean maximum temperatures increased gradually (r2 = 0.472, F1,24 = 21.45, p < 0.001), whereas the mean minimum
temperatures decreased over years (r2 = 0.182, F1,24 = 5.34, p = 0.03). As a result, the annual temperature difference
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Fig. 3. The box plots of relative occurrence frequencies (ROF) of the persistent species in different groups of various ecological categories (see Fig. 2 for
abbreviations). The line inside each box indicates the median, whereas a single species showing a horizontal line only. The bottom and top lines of a box
are the respective lower and upper quartiles, the two vertical lines with endpoints below and above a box indicate the lowest and highest data range, of
each group. The numbers of species with relative occurrence frequencies greater than (above the line), equal to (between two lines), or less (below the
line) than ‘‘1’’ are on the top of each box. ∗ indicates a significant deviation from ‘‘1’’ in ROF.
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Fig. 3. (continued)
between themaximumand theminimumascended over years (mean: 12.6±0.7 °C, n = 26; r2 = 0.446, F1,24 = 19.31, p <
0.001) with a rise to over 16 °C in 1995 and then gradually ameliorated but remained above 14 °C (Fig. 4(b)).
The mean annual precipitation reached 3511 ± 216 mm over this period, but showed year-to-year fluctuation without
a clear pattern (r2 = 0.136, F1,20 = 3.16, p = 0.091). An average of 5.1 ± 0.3 typhoons (range: 1–9) invaded Taiwan
each year over the past half century. Of these, 2.4± 0.2 (range: 0–5) typhoons each year were classified as extreme events
bringingmore than 200mmof rainfall within 24 h. The number of extreme typhoons gradually increased notably during the
last decade (r2 = 0.091, F1,47 = 4.68, p = 0.04; Fig. 5). The number of typhoons that severely struck the southern Taiwan
where the LEF forest was located also appeared higher (1.3 ± 0.2 per year) for the last 25 years than that in the period of
1961–1987 (0.8± 0.1 per year; t = −2.0, d.f . = 38, p = 0.053).
4. Discussion
We evidenced a 37.9% of richness attrition and a discrepancy of compositions by 30.2% from historical records dated
roughly a quarter century ago, and an increased homogeneity in themid-elevation LEF forest avifauna. These translated to a
species turnover rate of 2.2% per year. In addition, greater change appeared to occur to resident species of lower or narrower
elevation distribution. Our study sites were within a preserved and managed area where no habitat alterations from direct
human activity were noted (TFRI data). Over the two survey periods and compared to that before 1987, however, local
and island-wide weather patterns revealed growing levels of temperature fluctuation, extreme temperatures, enhanced
temperature differences, and increasing counts of extreme typhoon events. These lines of evidence suggest a link of the
species turnover with even recent climate change, and call for conservation concerns. To our best knowledge, this is the
first document reporting the possible impact of climate change on the diversity and composition of avifauna in East-Asian
tropical montane forests (Harris et al., 2011).
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Fig. 4. The annual (a) mean (± SE) temperatures (•), and (b) mean (± SE) differences between the maximum and the minimum temperatures (◦), in the
LEF forests. The dashed line indicates the ascending trend of annual temperature difference over years.
Not all the species that vanished from our survey necessarily represent actual local extinctions.We occasionally recorded
14 species in non-survey time, but only by a very low frequency (e.g., once), abundance (less than 5), or both. These include
Besra Accipiter virgatus, MountainHawk-eagles Spizaetus nipalensis, TaiwanHwameiGarrulax taewanus,White-browed Bush
Robins Luscinia indica, and Japanese Paradise-flycatchers Terpsiphone atrocaudata. We sighted some other species later at
higher elevations beyondour study range, such as Black Eagles Ictinaetusmalayensis,Mountain ScopsOwlsOtus spilocephalus,
Island Thrushes Turdus poliocephalus, Red-flanked Bluetail, Luscinia cyanura, and Taiwan Bush Warblers Bradypterus alisha-
nensis, so range shifts may have been involved. Yet, Taiwan Barwings Actinodura morrisoniana, Crested Mynas Acridotheres
cristatellus, Little Forktails Enicurus scouleri, and the other 20 residents and 8 migrants have not been recorded in the study
area ever since (C.F. Tsai and Y.F. Lee, unpublished data). Ourmodification of the previous samplingmethodmay account for
some of the differences detected (Gibbon and Gregory, 2006), but we speculate the effect would be minor, if not negligible,
since wemaintained searching-recording bird signs while moving between sampling points, and were on the same transect
routes as the historical survey.
Temperature is a major environmental factor driving range shifts and species turnover in avian assemblages across
gradients (Buckley and Jetz, 2008, also reviewed in Parmesan, 2006). Themean temperatures have risen 0.6 °C inmountains,
and nearly 1 °C island-wide, over the past century in Taiwan (TCCIP, 2011), which are equivalent to or even greater than
global averages (ca. 0.85 °C; IPCC, 2013). An increase of meanmaximum temperature in the LEF accords with the trend of an
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Fig. 5. The yearly number of extreme typhoon events that affected southern Taiwan since 1961.
increasing length of heat wave (>28 °C) and a shortened cold spell (<10 °C) by 19 days over Taiwan since 1950 (Shiu et al.,
2009). Energetics and water budget are main constraints that directly limit the distribution of organisms and their ability to
persist extreme weather or environments (Root, 1988). The enhanced annual differences between the mean maximum and
minimum temperatures characterize heating summers and colder winters, both expose birds to thermal stress and danger
of mortality (McKechnie and Wolf, 2010). Gardner et al. (2011) further proposed body-size shift as the third response to
warming in addition to distribution ranges and phenology, which requires not only extensive studies on individual species
but also thorough phylogenetic analysis.
Precipitation generally poses a minor effect than temperature on tropical montane vertebrates (McCain, 2009;
Şekercioğlu et al., 2012; but see Tingley et al., 2012). Yet, heavy rainfall, especially in breeding seasons, still severely affects
bird hatching and the survival of nestlings and fledglings. Annual precipitation in the LEF forests fluctuated, given that both
the total annual precipitation and raining days in central and southern Taiwan had declined (Yu et al., 2006); which was
accompanied by a reduction in light rainfall (<4 mm/h) but an increase in heavy rainfall (>10 mm/h; Shiu et al., 2009). In
addition, the inter-decadal variability of summer rains directly from tropical cyclones also increased (Chen and Chen, 2011).
The heavy rainfall from these typhoons accounted for a significant portion of annual extreme precipitation in the southern
Taiwan (Kuo et al., 2011).
Typhoons are typical disturbances to Taiwan, and this island has experienced a lift in typhoon counts from 3.3 to 5.7 per
year since 2000 (Tu et al., 2009), due to a northward shift of the typhoon track and typhoon-enhancing conditions over the
northwestern Pacific-East Asia (TCCIP, 2011). Eight of the 20most severe historical typhoons (40%) to Taiwan occurred in the
10-year period before our survey (National Science and Technology Center for Disaster Reduction, NSTCDR data). The most
severe typhoon impact to Taiwan since 1970, Morakot, affected Taiwan in August 2009 at a maximum sustained velocity of
144 km/h, bringing over 1400mmof rain in 24 h and an accumulative precipitation above 2500mm (NSTCDR data). Extreme
typhoons and heavy rains cause flooding, habitat loss through land sliding, and alter habitat structure, available resources,
and types and/or extents of interspecific interactions (Seki and Sato, 2002; Şekercioğlu et al., 2012). A further extended effect
would be the extent and speed of natural habitat recovery that depends on seed dispersal and to a considerable portion
relies on frugivorous birds (Chang et al., 2012). While bird populations in the tropics may usually recover rapidly from
typhoons, species richness and relative abundance of different assemblages often show distinct responses (Wunderle, 1995;
Tejeda-Cruz and Sutherland, 2005; Lee et al., 2008). In southern Taiwan, one of the major frugivores and most important
seed disperser, Taiwan Black-browed BarbetsMegalaima nuchalis, is tree cavity-nesting and particularly sensitive to strong
typhoons (Lee et al., 2008); their occurrence frequency in our study also clearly declined.
The species vanished from our study were represented by various groups of ecological categories and, with few excep-
tions, larger proportions of loss occurred in rarer groups with fewer species, notably carnivores, piscivores, plantivores,
species associated with riparians and shrubs, or migrants. It may seem reasonable because a loss of a few species translates
to a bigger proportion in species-poorer groups, but we argue for suggesting that species of specialized resource or habitat
demands, which often are less common, suffer a greater impact from climate change. In our sites, insectivores and omni-
vores dominated the persistent birds with 30 and 20 extant species, respectively, and significantly increased in occurrence
frequency. In contrast, carnivorous and piscivorous feeding are narrow and more specialized diets, each is associated with
specific habitats, such as grassland, open woodlands, riparian zones, and requires larger home ranges, for foraging. These
species are often territorial to various degrees, which accords with the finding that species defending territories are more
likely to respond to climate change (e.g., shifts in elevation range; Tingley et al., 2012).
Climate change is a predicted major cause for future larger-scaled biodiversity declines or community composition
changes (Root et al., 2003; Parmesan, 2006; Buckley and Jetz, 2008). Behavioral adjustments such as altitudinal movement,
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forming mixed-species flock, or diet switch are some common responses as confronting extreme conditions (Winker et al.,
1997; Both et al., 2006; Laurance et al., 2011). Tits (Parus) tended to join in mixed species flocks after typhoons, and
shifted their foraging stratum to lower forest layers (Seki and Sato, 2002). After typhoon Morakot, we observed White-
throated Laughing-thrush Garrulax albogularis and White-eared Sibias Heterophasia auricularis moving downhill to below
500 m, which is consistent with the precipitation effect (Tingley et al., 2012). Smaller-sized birds (<20 cm) with increased
occurrence frequencies, such as muscicapids, parids, and timaliids also displayed elevation movements, formed flocks, or
both, after rainstorms, typhoons, or in winter (C.F. Tsai and Y.F. Lee, unpublished data).
Many species of birds, however, may not be equipped with adequate or fast enough responses to environmental changes
(Devictor et al., 2008; Møller et al., 2008; Şekercioğlu et al., 2012). Our results of species turnover contained 12 species of
conservation concerns, which account for 38.7% of the conservation concerned and 25% of endemics previously recorded in
this area and reveal a warning sign for birds in one of the avian species-rich area in tropical East Asia. Worse, this suggests a
far larger extent of species attrition or turnover in other taxa, such as amphibians andmany arthropods (Pounds et al., 1999;
Buckley and Jetz, 2008; Harris et al., 2011) that are usually less mobile, strongly philopatric, and less attractive to draw the
public’s attention and conservation focuses. In addition, confounding factors, notably the dynamics of land use pattern, may
even complicate the effects of climate change on species compositions and their turnover (Clavero et al., 2011), which may
be common to many tropical montane areas (Harris et al., 2011). Whether and how this current climate change pattern has
affected plant phenology and food resources or even the life history of birds require rigorous finer-scaled studies of good
resolutions. Active integrated conservation and forest management planning that incorporates networks of protected areas
of multiple types of habitats (e.g., Hole et al., 2009), the process and impact of climate change, and the land use dynamics
(Clavero et al., 2011), should be considered in an efficient manner to ameliorate or slow the current trend.
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